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Abstract
In this work we use a meson dominance model (MDM) in order to obtain the square mass distribution m2(K∗2π) and
m2(K∗2ντ) of the τ
− → K∗−2 π0ντ decay. These functions are simulated using the Monte-Carlo method to get a Dalitz
plot that allows to elucidate the properties of this decay.
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1. Introduction
The hadronic τ modes constitute an ideal place to
study the low energy eﬀects of the strong interaction in
very clean conditions. Accurate determination of the
QCD coupling and the Cabibbo mixing Vus have been
obtained with τ data.
The large mass of the τ opens the possibility to study
many kinematically-allowed exclusive decays and ex-
tract relevant dynamical information. Violations of
ﬂavour and CP conservation laws can also be searched
in this τ− → K∗−2 π0ντ decay [1].
2. Probability amplitude
At quark level, the τ− → K∗−2 π0ντ decay is produced
by the hadronization of the τ− → su¯ντ process. This
decay is induced by the weak interaction and can be
studied through the eﬀective Hamiltonian with change
of strangeness:
He f f = GF√
2
Vus
(
ν¯τγ
μ (1 − γ5) τ
)(
s¯γμ (1 − γ5) u
)
. (1)
The invariant amplitude decay can be calculated as the
matrix element of the eﬀective Hamiltonian between the
initial state τ− and the ﬁnal state K∗−2 π
0ντ,〈
K∗2πντ
∣∣∣He f f ∣∣∣ τ〉 = GFVus√
2
lμhμ , (2)
where lμ denotes the leptonic matrix element, given by
lμ =
〈
ντ |ν¯τγμ (1 − γ5) τ| τ−〉
= u¯ (pν, sν) γμ (1 − γ5) u (pτ, sτ) , (3)
and the hadronic matrix element hμ =
〈
K∗−2 π
0
∣∣∣ jμ∣∣∣ 0〉 can
be written as [1, 2]
hμ = ih(t)μνφρεανpα
(
p − pT
)φ (p + pT )ρ − k(t)εμνpν
−εαβpαpβ
[
b+(t)
(
p − pT
)
μ + b−(t)
(
p + pT
)
μ
]
, (4)
where, p and pT are the momentum of the π
0 and K∗−2 ,
respectively, and εμν is the symmetric tensor that de-
scribes the spin-2 polarization state. In the rest frame of
τ− the diﬀerential decay rate takes the form:
dΓ(0)
du dt
(
τ− → K∗−2 π0ντ
)
=
G2F |Vus|2
2 (4π)3 m3τ
LμνHμν , (5)
where Lμν and Hμν are the leptonic and hadronic tensors
Lμν =
1
8
∑
spin
lμlν∗ and Hμν =
∑
pol
hμh∗ν . (6)
The product LμνHμν is completely characterized by two
Mandelstam variables, the square of the invariant mass
of the hadronic system t = (pT + p)
2 and u = (pT + pν )
2,
LμνHμν = c1(t, u)|h(t)|2 + c2(t, u)|k(t)|2 +
c3(t, u)|b−(t)|2 + c4(t, u)Re[k∗(t)b−(t)] , (7)
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where ci(t, u) are kinematical factors given by
c1(t, u) =
λ(t,m2T ,m
2
P)
4m2T
{[
2m2P(t + u) − m4P
] (
t − m2τ
)
+
tm2τ(t + 2u) +
[
2m2T
(
t + u − m2τ
)
− m4T
] (
t + m2τ
)
−
t
(
t2 + 2tu + 2u2
) }
, (8)
c2(t, u) =
1
12m4T
{
2m2P
[
m2T
(
m2τ(u − t) + 4t2 + tu − 2u2
)
+
m6T + m
4
T
(
2t + u − 2m2τ
)
− tu(3t + 2u)
]
+ m6T
(
3m2τ − 3t
)
+ 2m6Tu + m
4
P
[
m2T
(
m2τ − 7t + 2u
)
− 4m4T + 2u(3t + u)
]
+ 2m6P(m
2
T − u) − tm2T
[
m2τ(2u − t) + 3t2 + 4tu + 2u2
]
+
2m4T
[
m4τ + 3t
2 + (u − m2τ)(2t + u)
]
+ 2t2u(t + u)
}
, (9)
c3(t, u) =
m2τ λ
2(t,m2T ,m
2
P)
24m4T
(
m2τ − t
)
, (10)
c4(t, u) =
m2τ λ(t,m
2
T ,m
2
P)
6m4T
[
m2P
(
m2T − u
)
+
m2T
(
t + u − 2m2τ
)
− m2T + tu
]
. (11)
and λ(x, y, z) is the Kallen function, which is deﬁned by
λ(x, y, z) = x2 + y2 + z2 − 2(xy + xz + yz).
3. Form factors in the MDM
In order to estimate the form factors, we use the Me-
son Dominance Model (MDM). In this model the decay
amplitude is given by the sum of intermediate meson
resonance contributions, see Fig.1.
Figure 1: Feynman diagram in the MDM for τ− → K∗−2 π0ντ. The
sum is extended over all possible resonance contributions.
R is the intermediate resonance which arises from the
decay of the W boson, and has the right quantum num-
bers for the speciﬁc processes. Comparing the hadronic
current (4), with the amplitudes of the Fig.1, which are
calculated using Feynman rules, we determine the ex-
pressions for the form factors [1]
b−(t) =
i fK−1 GK∗−2 K−1 π◦
m3K−1
BWK−1 (t) +
fK− GK∗−2 K−π◦
m2K−
BWK− (t) ,
b+(t) = 0 , k(t) =
−i fK−1 GK∗−2 K−1 π◦
mK−1
BWK−1 (t) ,
h(t) =
fK∗− GK∗−2 K∗−π◦
2mK∗−
BWK∗− (t) , (12)
where fR and GK∗2Rπ denote the weak and strong cou-
pling constants of intermediate states R, respectively
(see Table 1). The Breit Wigner (BW) function intro-
duced above is deﬁned as
BWR(t) =
m2R
m2R − t − i
√
t ΓK
∗
2→Rπ(t)
, (13)
with R = K,K∗,K1. The function ΓK
∗
2→Rπ(t) is the oﬀ-
shell decay width of the intermediate meson resonant
particle, see Ref. [3].
4. The strong and weak couplings for the τ− →
K∗−
2
π0ντ decay
In this section, we focus on the determination of the
strong and weak constants that appear in the form fac-
tors. In order to determine the strong coupling we ﬁrst
consider the decay widths of the T → Rπ decays re-
ported in the Ref. [4].
The strong decay constants are given by the following
decay amplitudes [5],
M(T → Pπ) = GTP1P2 εμα pμ pα , (14)
M(T → Vπ) = GTVP μνρσ ερα εμ pνV pα pσ , (15)
M(T → Aπ) = GTAP εαβ εα pβ, (16)
where it is assumed that only one single L-wave conﬁg-
uration contributes to the ﬁnal states. After calculating
Γ(T → Rπ) and dividing by ΓFullT , we get the following
equation for the strong couplings
GTRP =
√
BexpT (RP)ΓFullT
CR
, (17)
where the kinematic factors CR are deﬁned as
CP =
λ5/2P (m
2
T ,m
2
P,m
2
π)
1920 πm7T
, CV =
λ5/2V (m
2
T ,m
2
V ,m
2
π)
1280 πm5T
, (18)
CA =
λ3/2A
[
m4A − 2m2A
(
m2 − 4m2T
)
+
(
m2 − m2T
)2 ]
1920 πm2Am
7
T
. (19)
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5. Numerical results
By means of Eq. (17) and assuming isospin symme-
try to relate the strong coupling constants for diﬀerent
charge states in a given channel, as well as SU(3) ﬂavor
symmetry, we show, in the Table 1, the central values of
the strong and weak couplings.
GK∗−2 R−π0 fR−
GK∗−2 K−π0 = 8.35GeV
−1 fK− = 0.1598GeV
GK∗−2 K∗−π0 = 9.02GeV
−2 fK∗− = 0.210GeV
GK∗−2 K−1 π0 = 30.6 fK−1 = −0.139GeV
Table 1: The strong and weak couplings for τ− → K∗−2 π0ντ. We have
obtained the weak coupling from the τ− → R−ντ decays [6].
6. Squared mass distribution
The invariant mass of the hadronic system m2
(
K∗2π
)
is deﬁned as
dΓ
dt
=
G2F |Vus|2
2 (4π)3 m3τ
[
b1(t)|h(t)|2 + b2(t)|k(t)|2 +
b3(t)|b−(t)|2 + b4(t)Re[b∗−(t)k(t)]
]
, (20)
where
b1(t) = −
(
t − m2τ
)2 (
2t + m2τ
)
3t2m2T
λ5/2
(
t,m2T ,m
2
P
)
, (21)
b2(t) =
(
m2τ − t
)2
λ3/2
(
t,m2T ,m
2
P
)
9t3m4T
[
tm2T
(
m2τ + 8t
)
+
(
2m2τ + t
) (
t2 + m4P + m
4
T − 2m2P
(
m2T + t
)) ]
, (22)
b3(t) =
m2τ
(
m2τ − t
)2
6tm4T
λ5/2
(
t,m2T ,m
2
P
)
, (23)
b4(t) =
m2τ
(
m2τ − t
)2
3t2m4T
λ5/2
(
t,m2T ,m
2
P
)
. (24)
Similarly, the invariant mass of the semileptonic system
m2
(
K∗2ν
)
is given by:
dΓ
du
=
G2F |Vus|2
2 (4π)3 m3τ
∫ t+
t−
LμνHμν dt . (25)
7. Dalitz plot
Using the Monte-Carlo technique the invariant
masses given by Eqs. (20) and (25) were simulated
in order to generate events in the phase space of the
τ− → K∗−2 π0ντ decay. The Dalitz plot obtained is shown
in Fig. 2. From this plot we can see an accumulation of
points between 2.7 GeV2 ≤ t ≤ 2.9 GeV2. Moreover
we can observe that bands are not formed in this ﬁgure.
Figure 2: Dalitz plot according to the MDM, using 8000 events.
8. Concluding remarks
1. Using the MDM and the Monte-Carlo technique
we can construct the Dalitz plot for the τ→ K∗2πντ
decay.
2. In the MDM the τ− → K∗−2 π0ντ channel has three
resonance states and the dominance contribution is
related to the h(t) form factor.
3. From the numerical integration of the Eq. (20) or
(25) we get BR
(
τ− → K∗−2 π0ντ
)
= 8.85 × 10−7.
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